Introduction
Despite a vast amount of study, the Cretaceous paleogeography of the North American Cordillera remains uncertain (e.g., Monger, 1977; Miller, 1987; Cowan et al., 1997; Ward et al., 1997; DeGraaffSurpless et al., 2003; Dickinson, 2004; Housen and Dorsey, 2005; Haggart et al., 2006; Wyld et al., 2006) . Disruption and reorganization of the North American continental margin, extensive Tertiary volcanic cover, and significant erosion since Cretaceous time complicate interpretations of Cretaceous paleogeography. Thus, sedimentary rocks associated with the eroded remnants of Mesozoic magmatic arcs may provide the most complete record of Mesozoic geology available. Many of the basin deposits exposed today in the Cordillera are potentially disconnected from their sediment sources, and their original configuration relative to each other and to the North American craton remains uncertain (e.g., Cowan et al., 1997; Ward et al., 1997; Housen and Dorsey, 2005; Wyld et al., 2006) .
Reconstructions of the Cretaceous Cordillera in the western United States vary significantly. For example, Miller et al. (1992) and Nilsen (1984) allow for very little post-Cretaceous terrane translation and connect the Sierra Nevada Mountains, Klamath Mountains, and Blue Mountains into a single magmatic arc during Cretaceous time, with a single, massive forearc basin that included the Great Valley Group, the Hornbrook Formation, and the Ochoco basin. In contrast, Wyld et al.'s (2006) tectonic model for the midCretaceous (ca. 100 Ma) restores known and hypothesized fault motion in the Cordillera, resulting in a combined Hornbrook-Ochoco Basin that was separate from the Great Valley Group to the south.
Provenance analysis of sedimentary rocks deposited during the middle Cretaceous can help distinguish between these models by establishing possible links between sediment and source, as well as highlighting potential connections between currently separated basins. The provenance of the informally-named Pythian Cave conglomerate, a middle Albian deposit (Jameossanaie and LindsleyGriffin, 1993; Lindsley-Griffin et al., 1993) that lies unconformably on the Yreka subterrane of the Eastern Klamath terrane (Fig. 1) , places important constraints on the mid-Cretaceous paleogeography of the Klamath Mountains, Hornbrook Formation, Sierra Nevada Mountains, and Great Valley Group. This study combines new detrital zircon age data and compositional data with existing provenance data for the Pythian Cave conglomerate to test possible correlations between the Pythian Cave conglomerate and similar-age deposits in the Hornbrook Formation and the Great Valley Group. The resulting detailed provenance analysis indicates that the Pythian Cave conglomerate matches the Lodoga petrofacies of the Great Valley Group to the south more closely than the more proximal Klamath River Conglomerate member of the Hornbrook Formation. The provenance of the Pythian Cave conglomerate suggests the presence of a Jurassic-Cretaceous volcanic arc source east or northeast of the Klamath Mountains, with sediment transported from the arc to the west and south. This southerly-directed Albian drainage system linked the Great Valley Group and Klamath Mountains by middle Albian time, and was separate from the east-and northeastdirected system that formed the Klamath River Conglomerate member of the Hornbrook Formation during Cenomanian time.
Description of mid-Cretaceous sedimentary deposits

The Pythian Cave conglomerate
The main outcrop of the Pythian Cave conglomerate occurs about 15 km south-southeast of Yreka, California (Table 1) , and measures up to 60 meters in thickness over an aerial extent of about 0.25 km. Four nearby occurrences of poorly-consolidated volcanicrich conglomerate have been correlated with the Pythian Cave conglomerate, but may be reworked Tertiary terrace gravels , and are not included in this study. The Pythian Cave conglomerate rests on Late Proterozoic and Early Devonian age rocks of the Yreka subterrane of the Eastern Klamath terrane (Lindsley-Griffin et al., 2008) . However, the abundance of basaltic and andesitic volcanic clasts in the Pythian Cave conglomerate appears to be exotic to the Klamath Mountains and differs from the primarily metamorphic clasts in the basal Hornbrook Formation that are largely derived from the Klamath Mountains (Barats et al., 1984) .
The Pythian Cave conglomerate was originally considered Cretaceous and informally correlated with the Hornbrook Formation (Mack, 1960) , but Hotz (1977) considered the conglomerate of Tertiary age based on the similarity between its distinctive volcanic clasts and Tertiary volcanic rocks of the Western Cascades. A more recent pollen taxonomy study dated the Pythian Cave conglomerate as middle Albian age , slightly older than the Hornbrook Formation.
The Pythian Cave conglomerate contains abundant sandstone lenses, which increase in frequency in the upper 20 meters of the outcrop. Thick conglomerate units (up to 10 m thick) characterize the lower portion of the outcrop, with pronounced imbrication of elongate cobbles that average 8-12 cm along the long axis, but range from 1 to more than 30 cm long . Cobble imbrication permits determination of a consistent S to SW paleoflow direction (Wetzstein, 1986; Lindsley-Griffin et al., 1993) . The sandstone lenses consist of medium to coarse sand grain size and display both large-scale and small-scale cross-bedding, with cross-bed thicknesses ranging from several centimeters to a meter.
Because of the abundant large, well-rounded volcanic cobbles and sand lenses with immature, clay-rich sediment, the Pythian Cave conglomerate was originally interpreted as a river conglomerate deposited in a high energy environment close to its sediment source (Hotz, 1977) . Additional evidence suggesting deposition in a proximal, high-gradient braided fluvial system within an alluvial fan complex includes crude horizontal stratification, flat-based, extensive, sheet-like sediment channels with low depth-to-width ratios, a low variance in paleocurrent direction, and the absence of epsilon cross-stratification typical of meandering fluvial deposits (Wetzstein, 1986; Lindsley-Griffin et al., 1993) . A pollen taxonomy study confirmed the near-source river system setting, based on the relative abundance of gymnosperm and angiosperm pollen .
The Lodoga petrofacies of the Great Valley Group
The Great Valley Group forearc basin strata crop out in a homocline along the western margin of California's Central Valley (Fig. 1) , and unconformably rest on eastern Klamath terranes to the north, Sierran arc and associated foothill terranes to the east, and are in fault contact with the Franciscan accretionary complex to the west (Ingersoll, 1979; Irwin, 1981) . Cretaceous paleocurrent indicators and sequence stratigraphic studies provide evidence for both axial (north-to-south) and transverse (east-to-west) sediment transport in the basin (Ingersoll, 1979; Moxon, 1988 Moxon, , 1990 Williams, 1997) . In the northern Great Valley Group, sediment dispersal directions changed from primarily south-directed in the Late Jurassic to south-and west-directed in the Cretaceous (Ojakangas, 1968; Ingersoll, 1979) . Petrographic studies divide the northern Great Valley Group into six major petrofacies based on the relative abundance of quartz, feldspar, and lithic grains in sandstone ( Fig. 2 ; Ojakangas, 1968; Dickinson and Rich, 1972; Ingersoll, 1979 Ingersoll, , 1981 Ingersoll, , 1983 Graham and Ingersoll, 1981) , which reflect variations in volcanism versus erosion in the adjacent arc. Ingersoll, 1979) and the Hornbrook Formation (from Nilsen, 1993) . Members of the Hornbrook Formation are time-transgressive (Nilsen, 1993) .
Biostratigraphy of the Lodoga petrofacies of the Great Valley Group indicates an Aptian-Albian age based on bivalves, ammonites, and microfossils in samples collected throughout the Lodoga outcrops along the western Sacramento Valley (Jones et al., 1969; Imlay and Jones, 1970; Bralower et al., 1990) . The Lodoga petrofacies is characterized by high total quartz and feldspar and variable lithic grain content, and was likely derived from a combination of plutonic, metamorphic, and reworked sedimentary sources (Ingersoll, 1983) .
The Klamath River Conglomerate member of the Hornbrook Formation
The Hornbrook Formation is a Cretaceous overlap assemblage that rests unconformably on Paleozoic, Triassic, and Jurassic terranes of the Klamath Mountains ( Fig. 1 ; Nilsen, 1993) . The Hornbrook Formation was deposited in a nonmarine alluvial and fluvial system during Albian-Cenomanian time, and evolved into a shallow marine, outer shelf, and finally deep marine environment by Maastrichtian time (Nilsen, 1993) . The Hornbrook Formation is well-exposed on the eastern flank of the Klamath Mountains, and its stratigraphy, sedimentology, and tectonic framework was established by Nilsen (1984 Nilsen ( , 1993 .
The Klamath River Conglomerate forms the basal member of the Hornbrook Formation (Fig. 2) , and was deposited in alluvial fans and braided and meandering fluvial environments (Nilsen, 1993) . The dominance of spores and rare occurrence of marine acritarchs in the Klamath River Conglomerate pollen assemblages confirm a lower fluvial regime dominated by ferns and occasionally inundated by shallow marine water . The depositional age of the Klamath River Conglomerate is bracketed by the ages of Jurassic-Cretaceous plutons in the Klamath basement, and the Albian to early Coniacian age of the timetransgressive Osburger Gulch member that lies conformably above the Klamath River Conglomerate (Nilsen, 1993) . Because it conformably underlies the marine strata of the Osburger Gulch member, the Klamath River Conglomerate could be Albian, Cenomanian, and Turonian in age. Palynological data from the Klamath River Conglomerate near Yreka indicate a middle Cenomanian age , but the lack of fossils in other areas of the Klamath River Conglomerate prevents any determination of significant areal variations in age (Nilsen, 1993) . The Klamath River Conglomerate is laterally discontinuous and rests unconformably on metamorphic rocks and Jurassic plutons of the Klamath Mountains (Barats et al., 1984) . Conglomerate clast imbrication and sandstone cross-stratification at southern Klamath River Conglomerate localities indicate north to northwest sediment transport (Barats et al., 1984; Nilsen, 1993) .
Comparison of Cretaceous basins
Conglomerate clast composition and sandstone petrography
Conglomerate clast counts conducted in the upper and lower sections of the Pythian Cave conglomerate yield similar results, with the majority of clasts (53%) identified as porphyritic volcanic cobbles ( Fig. 3 and Table 2 ), consistent with previous clast counts conducted on the Pythian Cave conglomerate (Wetzstein, 1986; Lindsley-Griffin et al., 1993) . Cobble petrography revealed intense hydrothermal alteration of volcanic rocks, with some cobbles displaying complete alteration and replacement within the clast. Point-counts of three sandstone samples (following the method of Dickinson, 1970) designate similar provenance of a dissected volcanic arc when plotted on a QFL diagram ( Fig. 4 ; provenance fields from Dickinson et al., 1983;  Table 3 ). These results suggest a volcanic arc as the sediment source for both Pythian Cave conglomerate sandstone and conglomerate, consistent with previous interpretations (Wetzstein, 1986; Lindsley-Griffin et al., 1993) .
The Lodoga petrofacies of the Great Valley Group does not contain significant conglomerate lenses, so comparison of conglomerate clast composition is based on the Valanginian-age Bidwell Point conglomerate within the upper Stony Creek petrofacies. Clast compositions from the Bidwell Point lens are dominantly porphyritic metavolcanic rocks (50%), granite (18%), nonporphyritic metavolcanic rocks (8%), and smaller amounts of metasedimentary rocks, sedimentary rocks, and metamorphic rocks ( Fig. 3 and Table 2 ; Bertucci, 1983) . Extensive sandstone petrography of the Lodoga petrofacies reveals high quartz, low feldspar (mostly plagioclase), variable lithic content, and low metamorphic content (Ingersoll, 1983) . The Lodoga sandstone petrofacies plots in the recycled orogen, transitional arc, and dissected arc provenance fields of a ternary QFL diagram ( Fig. 4 ; fields from Dickinson et al., 1983 ; Table 3), and was likely derived from reworked sedimentary sequences as well as plutonic and metamorphic sources (Ingersoll, 1983) .
Conglomerate clast counts in the Klamath River Conglomerate vary by location, with southern localities containing abundant quartzite and fewer nonporphyritic metavolcanic clasts, and northern locations containing fewer quartzite and more nonporphyritic metavolcanic clasts (Barats et al., 1984) . The southern Klamath River Conglomerate exposures near Yreka (closest to the Pythian Cave conglomerate outcrop) include abundant quartzite (50%), nonporphyritic metavolcanic rocks (20%), porphyritic metavolcanic rocks (10%), and smaller percentages of metasedimentary rocks, chert, granite, and jasper ( Fig. 3 and Table 2 ; Beverly et al., 2008; Barats et al., 1984) . At the southern locality, the clast-supported conglomerate occurs in several fining-upward lenses that are interbedded with fine-to medium-grain sandstone (Barats et al., 1984) . Sandstone petrography of the Klamath River Conglomerate member reveals abundant monocrystalline quartz, moderate feldspar (mostly plagioclase), and low lithic content, with provenance overlapping the transitional continental, basement uplift, and recycled orogen fields of a ternary QFL diagram ( Fig. 4 ; fields from Dickinson et al., 1983 ; data from Golia and Nilsen, 1984; Beverly et al., 2008 ; Table 3 ).
Detrital zircon age signatures
Because zircon generally does not become abundant until a melt is intermediate to felsic in composition (Poldervaart, 1956; Watson, 1979) , the most prevalent sources of the detrital zircon grains found in Cretaceous Cordilleran basins are the felsic plutonic arc rocks and supracrustal metamorphic components of the country rock and adjacent terranes. Detrital zircon rarely occurs in samples lacking detrital quartz (Gehrels et al., 2006) , and zircon in volcanic rocks tends to be smaller than in plutonic equivalents (Poldervaart, 1956 ). Thus, the Mesozoic detrital zircon age distributions from Pythian Cave conglomerate, Klamath River Conglomerate, and Lodoga sandstone samples (Fig. 5 ) largely reflect plutonic ages in source regions, with lesser input from supracrustal metamorphic and intermediate volcanic cover rocks. The detrital zircon age data are presented in probability density curves, which represent the summed Gaussian distributions of each age and associated uncertainty at one sigma. The maximum depositional age of a sample is based on the age of the youngest age peak (containing three or more grains) in an age distribution.
Detrital zircon age data from three Pythian Cave conglomerate sandstone samples yield remarkably similar age distributions, indicating that the sources remained consistent throughout deposition, and are thus presented here in one combined probability density curve (Fig. 5) . The majority of ages form a broad Early Cretaceous age peak (w130-150 Ma), with smaller peaks at 166 Ma, 177 Ma, 185 Ma, and 199 Ma (Fig. 5) . None of the ages in the Pythian Cave conglomerate are pre-Mesozoic. The youngest robust peak age is 131.8 AE 2.5 Ma (26 grains) and provides the maximum depositional age. Four granite cobbles collected from the base and top of the Pythian Cave conglomerate outcrop provide additional age information about what must have been a proximal source. All four cobbles yield the same age (within error) of 187-188 Ma (187.4 AE 4.2 Ma; 187.4 AE 3.6 Ma; 187.5 AE 3.6 Ma; and 188.3 AE 4.5 Ma; Fig. 5 ).
Detrital zircon analysis of three samples from the Lodoga petrofacies of the Great Valley Group reveals a broad Early Cretaceous age peak (w135-155 Ma), with smaller Middle and Late Jurassic peaks (w164 Ma and w159 Ma), and a few Early Jurassic and Early Triassic ages (Fig. 5) . Only 7% (13 out of 177 ages) of the ages in the Lodoga petrofacies are pre-Mesozoic. The youngest robust peak age in the Lodoga is 130.9 AE 2.4 Ma (9 grains), although there is a small age peak at 125 AE 3.4 Ma (3 grains).
The detrital zircon age distribution from one sandstone sample from the Klamath River Conglomerate contains a broad MiddleLate Jurassic age peak (w168-155 Ma), a secondary latest Jurassic peak (w148 Ma), and much smaller peaks at w135 Ma, 171 Ma, and 187 Ma, with no pre-Mesozoic ages (Fig. 5) . The youngest peak age in the Klamath River Conglomerate is 136.7 AE 2.2 Ma (9 grains).
The degree of overlap calculated between two detrital zircon age distributions compares the number of ages (with associated uncertainties) that occur in both distributions without considering the relative abundance of these ages in either distribution. An overlap value of one indicates samples have all ages in common, while an overlap value of zero indicates no common ages between samples. Confirming the visual inspection of the density probability curves, the overlap between all three of these units is high, with the greatest overlap occurring between the Pythian Cave conglomerate and Klamath River Conglomerate (0.863), followed closely by overlap between the Pythian Cave conglomerate and Lodoga Table 2 Conglomerate clast count data PCC KRC KRC (Barats et al., 1984) Bidwell Point mean % (7 samples) (Bertucci, 1983) Fig. 4 . QFL plot of data from the Lodoga petrofacies of the Great Valley Group (Albianage samples only; data from Ingersoll, 1983) , the Klamath River Conglomerate member of the Hornbrook Formation (data from Golia and Nilsen, 1984; Beverly et al., 2008) , and the Pythian Cave conglomerate (data from this study and Lindsley-Griffin et al., 1993) . Provenance fields from Dickinson et al. (1983) .
(0.814), with lower overlap between the Klamath River Conglomerate and Lodoga (0.685). The degree of similarity between two samples includes both the number of ages (with associated uncertainties) that occur in both samples as well as their relative abundances in each sample, with one indicating a perfect match between samples and zero indicating no matching peaks. Again, all three units show a high degree of similarity, with the closest matches between the Pythian Cave conglomerate and Lodoga (0.886) and the Klamath River Conglomerate and Lodoga (0.882), and lower similarity between the Pythian Cave conglomerate and Klamath River Conglomerate (0.750).
Despite the visual similarities apparent in the probability density curves and the high degree of statistical overlap and similarity between these three units, Kolmogorov-Smirnoff (K-S) statistical analysis (Press et al., 1986) indicates that these three age distributions most likely do not come from the same populations. The K-S test determines a D-value that represents the maximum difference between two age distributions, and then calculates a Pvalue based on the significance level of an observed D-value. The smaller the P-value, the more likely the observed difference between distributions is not random, and therefore the two samples are derived from different populations. The P-value for comparisons between all three units is much less than 0.05, indicating that these age distributions are statistically different. 
Discussion
Pythian Cave conglomerate sediment source
Cobble size, sandstone textural and compositional immaturity, and upland fluvial depositional environment all suggest a proximal source for the Pythian Cave conglomerate. Although the northern Klamath Mountains may have undergone significant post-Cretaceous rotation (as much as 67 clockwise rotation of the Tertiary Tyee Formation, which onlaps northern Klamath terranes; e.g., Wells et al., 2000) , the southeastern Klamath Mountains, with the overlying Pythian Cave conglomerate, appear to be relatively stable with respect to North America since the Late Jurassic (e.g., Mankinen and Irwin, 1990; Irwin and Wooden, 1999) , with no more than 11.5 AE 15.8 clockwise rotation of Lower Cretaceous strata in the southern Klamath Mountains and no latitudinal translation (Mankinen and Irwin, 1982) . Therefore, south to southwestdirected paleoflow indicators in the Pythian Cave conglomerate point to a source located to the north or northeast, relative to the current Pythian Cave conglomerate outcrop. Conglomerate clast composition and sandstone petrography describe a source dominated by a continental volcanic arc that provided abundant porphyritic and nonporphyritic volcanic rocks as well as granite.
The most proximal sediment source for the Pythian Cave conglomerate is the Klamath Mountains on which the Pythian Cave conglomerate was deposited. The ages of Early and Middle Jurassic plutonism in the Klamath Mountains match several of the smaller age peaks in the Pythian Cave conglomerate, and widespread Late Jurassic to Early Cretaceous plutonism matches the dominant age peak in the Pythian Cave conglomerate age distribution (Fig. 5) . However, much of the Late Jurassic to Early Cretaceous magmatism Harper and Wright, 1984; Hacker et al., 1995; Irwin and Wooden, 1999) , problematic if the Pythian Cave conglomerate source was proximal to the northeast. Early Cretaceous magmatism in the Klamath Mountains occurs largely south of the Pythian Cave conglomerate outcrop, again difficult to reconcile with paleocurrent directions. Moreover, the youngest ages in the Klamath Mountains are ca. 136 Ma (Shasta Bally batholith, Fig. 1 ; Lanphere and Jones, 1978) and the Pythian Cave conglomerate contains younger detrital zircon (Fig. 5) . In addition, the Klamath Mountains would likely provide at least a few detrital zircon grains older than 200 Ma from both plutonic and metamorphic sources, but these ages are not found in the Pythian Cave conglomerate (Fig. 5) . Furthermore, sediment shed from the series of accretionary belts and plutons that make up the Klamath Mountains (e.g., Hacker et al., 1995; Irwin and Wooden, 1999) would not likely be characterized by the abundant volcanic conglomerate clasts and sandstone volcanic lithic fragments that distinguish the Pythian Cave conglomerate. Thus, the Klamath Mountains may have been one source of sediment, but could not have been the only source. The northern Sierran terranes and the Sierra Nevada batholith are currently exposed southeast of the Klamath Mountains and the Pythian Cave conglomerate. Several workers correlate terranes of the northern Sierran terranes and the Klamath Mountains, suggesting that these regions share a common petrotectonic history and were likely connected (e.g., Irwin, 2003; Ernst et al., 2008) . The timing of Jurassic through Early Cretaceous magmatic events in the northern Sierran terranes corresponds well with that in the Klamath Mountains (Fig. 1) and also matches well with detrital zircon age peaks in the Pythian Cave conglomerate (Fig. 5) . The western Sierra Nevada Mountains contain magmatic ages of 186-140 Ma (Stern et al., 1981; Bateman, 1983) , with the intrusion of the main Cretaceous batholith occurring to the east from 125-82 Ma (Stern et al., 1981; Chen and Moore, 1982; Bateman, 1983) . A Sierran source could provide the abundant continental arc volcanic rocks and lithic fragments present in the Pythian Cave conglomerate. However, despite mid-Albian deposition of the Pythian Cave conglomerate during the peak of emplacement of the main Cretaceous batholith, the batholith in the eastern Sierra Nevada clearly was not a source of Pythian Cave conglomerate sediment, as the youngest peak age in the Pythian Cave conglomerate is 131.8 AE 2.5 Ma and the youngest single grain is 129 AE 1.5 Ma.
The Pythian Cave conglomerate paleocurrent direction is not consistent with a northern Sierran source, unless the northern Sierra Nevada volcanic arc extended further north in the Cretaceous than its present northern limits. This continental arc source may have been eroded or may now be buried under younger Tertiary volcanic cover, as suggested by previous workers (e.g., Wetzstein, 1986; Irwin, 2003) . Alternatively, the Klamath Mountains and overlying Pythian Cave conglomerate may have been located south of their current position relative to the Sierra Nevada Mountains, thus placing the Cretaceous Pythian Cave conglomerate outcrop locality south-southwest of the northern Sierran terranes. Armstrong et al. (1977) ; range of U-Pb ages from Walker (1989 Walker ( , 1995 shown in black only.
Age (Ma)
However, Wyld et al.'s (2006) Cretaceous paleogeographic reconstruction of these Cordilleran terranes suggests that the Klamath Mountains moved approximately 400 km north to their modern position relative to the craton by 110 Ma, just prior to deposition of the Pythian Cave conglomerate. Moreover, if the Pythian Cave conglomerate was deposited further south relative to the Sierra Nevada Mountains, then younger, Early Cretaceous (Aptian-Albian) ages would be expected in the Pythian Cave conglomerate detrital zircon age distribution, as the north-trending main Cretaceous batholith would be much more proximal to a more southerly Pythian Cave conglomerate (Fig. 1) .
The Blue Mountains province in northeastern Oregon (Fig. 6 ) presents a third possible source for the Pythian Cave conglomerate, as paleomagnetic studies indicate that the Blue Mountains underwent approximately 65 clockwise rotation during Late Cretaceous and Cenozoic time (Wilson and Cox, 1980; Hillhouse et al., 1982; Mankinen and Irwin, 1990) . Thus, the Blue Mountains restore to an Early Cretaceous location close to the Klamath Mountains and northern Sierran terranes ( Fig. 7 ; Mankinen and Irwin, 1990) . The Blue Mountains province includes the Izee, Wallowa, Baker, Grindstone, and Olds Ferry terranes that together represent a series of Permian-Triassic volcanic arc, intra-arc, and forearc complexes ( Fig. 6 ; e.g., Vallier and Brooks, 1995) . These terranes were intruded post-tectonically by mostly granitic plutons during the Late Jurassic to Early Cretaceous ( Fig. 6 ; Armstrong et al., 1977) . These Late Jurassic-Early Cretaceous plutons match ages in the Pythian Cave conglomerate well and would result in SSW-directed transport to the Pythian Cave conglomerate (Fig. 7a) . However, the Blue Mountains province does not contain Early Jurassic ages present in the Pythian Cave conglomerate and may not have provided the abundant volcanic conglomerate clasts and lithic fragments characteristic of the Pythian Cave conglomerate.
When considered separately, neither the Klamath Mountains, northern Sierran terranes, nor Blue Mountains can fully account for the provenance characteristics of the Pythian Cave conglomerate, but provenance in the combined Blue Mountains-northern Sierran terranes presents the best match for the source ages, paleocurrent direction, and clast and sandstone composition in the Pythian Cave conglomerate (Fig. 7a) . Given the paleomagnetic evidence for postEarly Cretaceous clockwise rotation of the Blue Mountains province (e.g., Mankinen and Irwin, 1990) , combined with the presence of detrital zircon younger than 136 Ma and the lack of Aptian-Albian detrital zircon in the Pythian Cave conglomerate, a sediment source in the combined Blue Mountains-northern Sierran terranes appears most likely, with possible input from the Klamath Mountains.
Klamath River Conglomerate source
Due to proximity, age, and unconformable deposition on the Klamath Mountains, the Pythian Cave conglomerate has been informally correlated with the Klamath River Conglomerate, the basal member of the Hornbrook Formation (Mack, 1960; Nilsen, 1984 to shallow marine for the Klamath River Conglomerate), and perhaps different depositional ages, with the mid-Albian Pythian Cave conglomerate slightly older than the mid-Cenomanian Klamath River Conglomerate LindsleyGriffin et al., 1993) . The Klamath River Conglomerate's NNW paleocurrent direction, combined with abundant metamorphic clasts (especially quartzite; Fig. 3 ), smaller number of metavolcanic conglomerate clasts (Fig. 3) , and sandstone provenance in transitional continental and recycled orogen (Fig. 4) led previous workers to interpret Klamath Mountains provenance for the Klamath River Conglomerate (e.g., Nilsen, 1984) . A sediment source in the Klamath Mountains is consistent with new detrital zircon data, although the age data do not preclude either the northern Sierran terranes or the Blue Mountains province as additional sediment sources.
Potential correlation of Pythian Cave conglomerate to the Great Valley Group
Although detrital zircon age distributions from the Pythian Cave conglomerate and Klamath River Conglomerate are broadly similar (Fig. 5) with a high degree of overlap in ages, statistical comparisons between the Pythian Cave conglomerate and Klamath River Conglomerate resulted in lower similarity and the greatest observed difference (D-value) in the K-S statistical analysis. Notably, the Klamath River Conglomerate contains a Middle Jurassic peak that is nearly absent in the Pythian Cave conglomerate (Fig. 5) . Detrital zircon age data, opposite paleocurrent directions, and different sandstone and conglomerate compositions all suggest that the Pythian Cave conglomerate likely represents a depositional system separate from and perhaps slightly older than the Klamath River Conglomerate and the rest of the Hornbrook Formation to the north.
Paleocurrent directions, depositional age, conglomerate clast composition (Fig. 3) , and sandstone composition (Fig. 4) of the Pythian Cave conglomerate and the Lodoga petrofacies of the Great Valley Group match very well, despite the distance between outcrop locations. The detrital zircon age distributions also show a closer match than the Pythian Cave conglomerate -Klamath River Conglomerate comparison, with the highest degree of statistical similarity and the smallest observed D-value in the K-S statistical analysis. Both the Pythian Cave conglomerate and the Klamath River Conglomerate derived sediment from the combined KlamathSierran-Blue Mountains arc, with the Lodoga petrofacies receiving potentially more Sierran-derived sediment through transverse transport in the Great Valley basin (Fig. 7a) . Thus, the Pythian Cave conglomerate may represent an erosional remnant of the nearsource equivalent of the more distal Lodoga petrofacies deposited further south in the Great Valley basin.
Implications for regional tectonics
The provenance of the Pythian Cave conglomerate requires the presence of a volcanic arc source east of the Klamath Mountains during the Early Cretaceous, which may have been an extension of the Sierra Nevadan arc combined with the restored Blue Mountains province (Fig. 7) . Clear differences between the Pythian Cave conglomerate and Klamath River Conglomerate require that this eastern arc source did not contribute significant sediment to the Klamath River Conglomerate. As subsidence in the newly-forming Hornbrook basin transgressed south, perhaps combined with uplift in the Klamath Mountains and erosion of arc-derived sediment, the Albian fluvial system from the arc to the east was cut off, and sediment in the Klamath River Conglomerate of the Hornbrook Formation derived largely from more deeply-eroded metamorphic basement that lay below the fluvial volcaniclastic cover ( Fig. 7b; e.g., Lindsley-Griffin et al., 1993 (Short and Ingersoll, 1990) , with the addition of the restored Blue Mountains province as an additional sediment source (Fig. 7a) . Thus, the Early Cretaceous Great Valley forearc basin remained separate from the transgressing Hornbrook basin to the north. With further basin subsidence, possible uplift in the Klamath Mountains, and greater sedimentation in both the Great Valley and Hornbrook basins, this separation may have disappeared during the Late Cretaceous, perhaps resulting in one large forearc system, as suggested by previous workers (Fig. 7b; e.g., Miller et al., 1992; Nilsen, 1984 Nilsen, , 1993 . Wright and Wyld (2007) proposed that the Great Valley Group was deposited in a translational forearc system and postulated the existence of a Great Valley strike-slip fault that accommodated several hundreds of kilometers of dextral offset in the Late Jurassic-Early Cretaceous. Their model suggests that the lower Great Valley Group prior to strike-slip offset was offshore of the continental arc in the southwest Cordillera, thus requiring a very different source from the more northerly Klamath-Sierran source terranes of the upper Great Valley Group (Wright and Wyld, 2007) . Potential correlation of the Pythian Cave conglomerate and Lodoga petrofacies of the Great Valley Group requires that any proposed northward translation of the Great Valley Group was complete by the mid-Albian deposition of the Pythian Cave conglomerate, if not by Aptian-Albian deposition of the Lodoga petrofacies.
Notably, neither the Pythian Cave conglomerate nor the Lodoga petrofacies contain zircon ages derived from the main Cretaceous batholith of the Sierra Nevada Mountains (younger than 125 Ma), suggesting that a drainage divide existed between the developing batholith and sediments in the forearc basin to the west, so that sediment derived from main Cretaceous magmatism was shed to the north, east, and/or south, but not west. Alternatively, the volcanic rocks associated with the main Cretaceous magmatic event were eroded west into the forearc basin, but contained little to no zircon. Abundant 125-85 Ma zircon appears in the Upper Cretaceous Great Valley Group (DeGraaff-Surpless et al., 2002) and in the Upper Cretaceous Hornbrook Formation , indicating that the main Cretaceous batholith was a significant sediment source to basins to the west and north during the Late Cretaceous.
Conclusions
Provenance characteristics of the Pythian Cave conglomerate provide valuable information about the paleogeography of the northern Cordilleran terranes during Cretaceous time. The source of the Pythian Cave conglomerate was likely the combined Blue Mountains-northern Sierran terranes, with paleoflow directed to the west-southwest. Conglomerate and sandstone derived from this complex eastern arc source formed the Pythian Cave conglomerate in an upland fluvial environment, with sediment deposited unconformably on the Yreka terrane of the Eastern Klamath terranes. Finer sediment likely continued south into the Great Valley basin, contributing sediment to the Lodoga petrofacies of the Great Valley Group. By Cenomanian time, subsidence of the Hornbrook basin east of the Klamath Mountains shifted paleoflow directions in the region to the west-northwest of the Pythian Cave conglomerate to form the Klamath River Conglomerate in a lowland fluvial, alluvial, or shallow marine environment. Sediment derived from the Klamath Mountains and northern Sierran terranes continued to be deposited in the Great Valley basin to the south, but it remains unclear if the Hornbrook and Great Valley basins were connected. These provenance results support previous interpretations that the Pythian Cave conglomerate is not related to the Hornbrook Formation and does not have a Klamath Mountains provenance . Moreover, these results suggest the existence of a combined Cretaceous Blue MountainsSierran arc east of the Klamath Mountains, and link the Great Valley Group to the Klamath Mountains by Albian time.
